Abstract. The gas detection is crucial important for environmental monitoring, biological and chemical terrorism, mining safety and disease diagnosis. In order to determine the multi-component gas including carbon monoxide, hydrogen and methane in the mining, sensor array combining with effective measurement model are used in this paper to decouple its cross-sensitivity and broad-spectrum analysis. Multivariate nonlinear regression and neural network are employed to establish the measurement model. The experimental results show the effectiveness of the two methods, and artificial neural network in prediction accuracy is better than the multivariate nonlinear regression method, which yields a higher measuring accuracy for constructing high-performance electronic nose in mining applications.
Introduction
Gas sensor plays a very important role in constructing effective gas sensor array or electronic nose. At early stages, the mainly method to recognize odors is with the help of the nose, which is subjective and easily affected. Electronic nose has overcome this shortcomings. It consists of chemical sensor array with partially selective function and appropriate pattern recognition system, and can identify simple or complex mixed gas [1] [2] . An electronic nose can simulate the human olfactory system and identify the mixed gas objectively. The information it collect is from the whole mixed gas system, rather than the information of each gas in the system [3] [4] . The electronic nose set up model samples with the general information of the tested gas to classify and identify the mixed gas.Electronic nose technology has broad application in many fields, such as chemical industry, food testing, indoor air testing and military. The electronic nose has good prospects and important significance in detecting environment pollution waste and air quality, customs inspection, and noxious gas determination. However, on the current situation, the electronic nose technology hasn't perfectly developed, there is also some gaps between the electronic nose and animals' smell. The electronic nose technology needs further improvement in its construction and model [5] .
Inflammable gas and noxious gas are commonly existed in the mining production. In order to determine the multi-component gas including carbon monoxide, hydrogen and methane in the mining, sensor array combining with effective measurement model are used in this paper to decouple its cross-sensitivity and broad-spectrum analysis. Multivariate nonlinear regression and neural network are employed to establish the measurement model. The experimental results show the effectiveness of the two methods, and artificial neural network in prediction accuracy is better than the multivariate nonlinear regression method, which yields a higher measuring accuracy for constructing high-performance electronic nose in mining applications.
Experiment
The experimental setup for the multi-component gas measurement was illustrated in Figure 1 . The three gas species of of carbon monoxide (CO), hydrogen (H 2 ) and methane (CH 4 ) were injected in a chamber for making a gas mixture with different concentrations, and sensor array compose of QM-N5 semiconductor sensors (labeled as sensor 1), α-Fe 2 O 3 gas sensor (labeled as sensor 2)and Figaro gas sensor TGS # 109 (labeled as sensor 3) was located in the chamber. The gas sensing properties of the sensor array were investigated by exposure toward target gases with various concentrations. The change of sensor resistance was achieved by exposing the sensor to target gas. The resistance of the presented sensor array are measured by using a A/D and D/A data acquisition system, which is connected to a computer. The relationship between sensor response signal and mixed gas concentration can be collected. For the mixed gas species, the concentration range of CO gas is selected among 50~2950 ppm, CH 4 of 60~2960 ppm and H 2 of 70~2970 ppm. As well known, it is impossible for a single sensor to properly identify the mixture gases, and hence this problem can be solved by using sensor array combining with calibrated model to correctly identify the gases. We collected 300 groups of tested data as training samples for establishing the calibration model. 
Multivariate Nonlinear Regression Model
In this paper, we firstly combine least square method with multiple nonlinear regression method for the prediction of mixed gas concentration. The concentration matrix can be writen as X mn =[x 1 , x 2 , ..., x n ], the corresponding matrix of the sensor resistance is represented as Y=[y 1 , y 2 , ..., y m ] T , where n is 3 for the three gas species, and m is the sample numbers.According to the multivariate nonlinear transformation method, a new matrix X 1 is constructed by introducing the squre and cross-product terms, which is writen as: 
, and
T is the undetermined coefficient matrix, and ε=[ε 1 , ε 2 , ..., ε m ] T is the error matrix, so the above expression can be shorted as:
According to the least square method, the minimum least square solution of coefficient matrix A is:
In this way, the multivariate nonlinear regression model is established for the prediction of gas concentration based on the training samples.
Neural Network Model
BP neural network is also known as back propagation (BP) neural network and the feedforward network consists of nonlinear conversion units. In most cases, multilayer feedforward network is constructed by using input and output characteristics of network units (neurons), topology of the network (connection of neurons), connection weights (association strength of synaptic), and neuron threshold (special connection weights). Neurons constitute the fundamental part of the neural network, and can be divided into input layer, hidden layer and output layer. The data acquired from the sensor array was precessed and normalized as standard samples, and used for the training of neural network. Appropriate quantity of hidden nodes is beneficial to network training. However, there is still no scientific basis of choosing the quantity of hidden nodes. We can only refer to the following empirical formula of c b a P + + = , which P represents the quantity of hidden nodes, a and b represent the quantity of input and output nodes, c represents a constant from one to ten. The left figure in Figure 3 shows the model training error at different quantity of hidden nodes. We can find that, when the number of hidden nodes is 6, the network error is the least, and the network training effect is the best. The right figure in Figure3 shows the training curve of the model with six nodes in hidder layer. The neural network model reached the training goal through only thirty epochs with quite fast training speed. The neural network model was established using computer programming. 
Results
In the multi-component gas measurement system of CO, H 2 and CH 4 , the prediction accuracy of neural network and multivariate non-linear regression are compared. Figure 4 shows the CO gas concentration prediction and relative error comparison between neural network and multiple nonlinear regression models. The tested gas samples with CO concentration of 450, 950, 1450, 1950, 2450 and 2950 ppm were used. In the left figure, the line represents the real concentration of CO, "o" and "+" represent the value of CO concentration predicted by multivariate non-linear regression and neural network, respectively. We can find that the prediction accuracy of neural network is much higher than the multivariate non-linear regression model. In the right figure, it shows that the maximum relative error is 4.5% and 17.5% for the neural network and multivariate non-linear regression model, respectively. Figure 5 shows the CH 4 gas concentration prediction and relative error comparison between neural network and multiple nonlinear regression models. In the left figure, the line represents the real concentration of CH 4 , "o" and "+" represent the value of CH 4 concentration predicted by multivariate non-linear regression and neural network, respectively. We can find that the prediction accuracy of neural network is much higher than the multivariate non-linear regression model. In the right figure, it shows that the maximum relative error is 5% and 17% for the neural network and multivariate non-linear regression model, respectively. Figure 6 shows the H 2 gas concentration prediction and relative error comparison between neural network and multiple nonlinear regression models. In the left figure, the line represents the real concentration of H 2 , "o" and "+" represent the value of H 2 concentration predicted by multivariate non-linear regression and neural network, respectively. We can find that the prediction accuracy of neural network is much higher than the multivariate non-linear regression model. In the right figure, it shows that the maximum relative error is 4.8% and 15.6% for the neural network and multivariate non-linear regression model, respectively. Figure 6 . H 2 gas concentration prediction and relative error comparison between neural network and multiple nonlinear regression models.
Summary
Gas detection has a vital impact in many fields such as environmental monitoring, chemical and biological terrorism, mining safety and disease diagnosis. In order to overcome the low selectivity and cross-sensitivity characteristics of traditional gas sensors, this paper makes a study of multi-component gas of CO, H 2 and CH 4 in mining and set up measurement model of the gas sensor array to make a decoupling analysis about its broad-spectrum sensitivity. Both neural network and multiple non-linear regression models were employed. A higher-accuracy forecast result is obtained in neural network analysis by comparing with the model of multiple nonlinear regressions. Therefore, neural network is more appropriate for constructing high-performance electronic nose in mining applications.
